Abstract
Introduction
Rotavirus infection is the leading known cause of severe gastroenteritis in infants and young children worldwide [1] - [3] . It is highly prevalent among infants, with a high percentage of rotavirus-related hospitalizations resulting in high levels of economic burden. Primary infection of infants with rotavirus infection is often accompanied by vomiting and fever which can lead to severe dehydration, in rare cases to lethal outcome. Risk group of complicated course of rotavirus gastroenteritis is immunocompromised children as well as children with concomitant pathology. Predominant fecal-oral route of transmission and low infective dose of rotavirus increases the risks of spreading of this infection in child care centers and children's hospitals. This has given rise to interest in preventive measures like vaccination [4] - [6] . It has been shown rotavirus vaccines are the only effective measure to decrease manifestations of rotavirus infection [7] [8] . The conclusion to include the rotavirus vaccine in national or regional vaccination schedule is based on results of economic effectiveness vaccine and the burden of rotavirus infection [9] [10] .
The prevalent rotavirus vaccine RotaTeq® (Merck Sharp & Dohme, MSD, USA) has been registered in Russia since 2012. The analysis of special indicators which is characterizing the burden of rotavirus infection in Russia is presenting definite interest for forecasting effectiveness of rotavirus vaccination.
Methods

Population-Based and Laboratory-Based Surveillance Data
We examined national population-based and enhanced laboratory-based surveillance data from Jun 2011 through Jun 2013 that was provided by both Enteric Pathogens Monitoring Group (FBIS Central Institute for Epidemiology) (EPMG), Official Statistic Department of Russia and passive surveillance system from the Centers of Hygiene and Epidemiology of Federal Service for Surveillance on Consumers' Rights Protection and Human Well-Being (Rospotrebnadzor). The data was collected from 83 regions, which were subdivided into eight federal districts. This data includes: the number of incidences rotavirus infection and distribution of morbidity by age, data of rotavirus outbreaks, and analysis of lethal cases for infants including toddlers and preschoolers, [P]G genotyping of rotavirus group A (RVgrA) data.
Cumulative frequency of rotavirus-related hospitalizations in age group 0 -12 months (CfRG-12) was estimated like proportion of hospitalized children of age group 0 -12 months in hospitalized children of age group 0 -72 months due to special aspects of the surveillance system in Russia.
Outbreaks of RVgrA
Data of rotavirus infection outbreaks (more than five cases) were obtained from the national passive surveillance system as a part of the Centers of Hygiene and Epidemiology which belong to the Federal Service for Surveillance on Consumers' Rights Protection and Human Well-Being (Rospotrednadzor). This is a standard report issued every three months. There were two laboratory-based diagnostic methods used in the investigation of rotavirus outbreaks: ELISA-kit ("Rotavirus-antigen-EIA-BEST", VectorBest, Russia) which was used in 58% of all outbreaks and RT-PCR-kit ("Amplisens® AII-screen-FRT PCR Kit", FBIS CRIE, Russia) in 56% of all outbreaks. Applying of combination both RT-PCR and ELISA methods was used in 14% of outbreaks.
An Analysis of the Etiology of Lethal Cases in Children Accompanied by Diarrheal Disease
All lethal cases among children younger than 5 years old where acute diarrheal disease was a primary, concurrent or associated disease, with or without accurate localization of a pathological process in gastrointestinal tract was included in this study. EBV, HHV VI using set of Amplisens®-PCR-kits (FBIS CRIE, Russia) which utilizes real-time approach based on target-specific DNA probes. Interpretation as "positive result" in the case of simultaneous detection DNA or RNA target in different autopsy samples of given patients were based on levels of target DNA/RNA concentration.
[P]G Genotyping RVgrA
Stool samples from hospitalized children less than five years (sporadic cases) were collected to study [P]G ge-notype RVgrA distribution during seasonal peaks of rotavirus infection from February to March in 2012 and 2013. Samples were obtained from 11 regions of Russian Federation: the Republic of Dagestan, the Khabarovsk Krai, the Kamchatka Krai, the Moscow region, the Nizhniy Novgorod region, the Sverdlovsk region, the Novosibirsk region, the Irkutsk region, the Tomsk region, St-Petersburg and the Nenets Autonomous District. The AmpliSens® AII screen-FEP PCR Kit (FBIS CRIE, Russia) was used to confirm the presents of rotavirus A in the group's stools samples. Detection of [P]G-genotypes rotaviruses were found using the previously described method [11] . Additionally, typing of G9, G12 and [P]6 genotypes was performed using reverse-transcription real-time-PCR, the approach developed in our laboratory. Sets of primers and probes are listed in Table 1 .
PCR assay was performed with a final reaction volume of 25 µl. The samples contained 5 µl PCR-mix-2-FRT (AmpliSens, Russia), 2.5 U of TaqF polymerase (AmpliSens, Russia), 176 µM dNTPs (Biosan, Russia). The final concentrations of each pair of primers and fluorescently labeled probe were 0.36 µM and 0.2 µM, respectively ( Table 1 ). The common Tm value for all listed primer listed in Table 1 was chosen experimentally and was equal to 55˚C. The amplification reactions were performed in the RotorGene 6000 (Qiagen, Germany) under the following cycling conditions: 1 cycle at 95˚C 15 min; 45 cycles at 95˚C 10 s, 55˚C 25 s and 72˚C 10 s. The fluorescence measurements were recorded at the detection step (55˚C) during each of the 45 cycles.
Samples with non-identified genotypes were sequenced for determining nucleotide sequence of VP4 and VP7 genomic regions using primer sets con2, con3, Beg9 and RG2 which were previously described [12] [13].
Results
According to obtained data, the RG incidence rate per 100,000 population in 2012 was 70.57, wherein the median value for all Russian regions was 69.3. In the level of 8 federal districts this index varied from 10.89 to 149.4.
It was complicated to determine the cumulative frequency of rotavirus-related hospitalizations in 12 of 83 regions by reason of unsatisfactory diagnostics which were reflected in the low number of cases (<100 cases of rotavirus infection per year).
The cumulative frequency of rotavirus-associated hospitalizations (age group 0 -12 months) over the whole territory of Russia comprised 26.3% (2012), while in 8 federal districts it ranged from 22.2% to 32.1%. In 10 regions a cumulative frequency of rotavirus-associated hospitalizations (age group 0 -12 months) were less than 20%, in 5 regions it was more than 40% (the Tyva Republic-63.4%, the Novosibirsk region-52.2%, Zabaykalsky Krai-48.9%, the Sakha Republic-44.3%, and the Republic of Buryatia-4.3%).
In contradiction to the 2000-2011 period, in 2012 the occurrence in the age group less than 12 months decreased (1316 per 100,000) and was equal to the incidence in the age group 12 -14 months (1318 per 100,000). An analysis of the etiology of 27 lethal cases in children less than 5 years old accompanied by diarrheal disease has shown only 9 cases with the presence of rotavirus RNA. In 4 cases, only the presence of Rotavirus A was revealed. However the remaining 5 cases were a combination of rotavirus infection with another pathogen which was most likely to be the main cause of lethal cases. In 4 of the last 5 cases the target DNA/RNA concentration of another pathogens were higher in comparison with the rotavirus (Salmonella spp., Human coronavirus, Campylobacter termophilic gr., Human astrovirus). Genotyping of these 9 cases revealed that rotaviruses from 8 cases belonged to the G4P [8] genotype and the last one was G2P [4] . 
Discussion
Both the quality of RG diagnostics registered under passive surveillance and the true incidence influence the real morbidity level of the rotavirus infection (rotavirus gastroenteritis). During 2002 and 2012 the incidence of rotavirus infection in all age groups had increased four times from 17.5 to 70.6 per 100,000 population. Since 2010, the statistically significant growth of incidence (per 100,000 population) has not been registered (2010-72.0; 2011-69.6; 2012-70.6). Thus during 2002-2012 the contribution of different age groups to the incidence of rotavirus infection in children less than 72 months old has been constant: the age group less than 12 months old has formed 26% -33%; age group 13 -24 months old-4% -51%; age group 25 -72 months old-18% -23% [11] . The percentage of children less than 4 years old has increased by 1%, 2% during this period [14] . Thus, the most likely cause of the RG incidence growth during the last 10 years is linked to the increased use of diagnostic kits for the RVgrA detection.
From the point of evaluation of the incidence rate as a criterion for identifying the quality of revealing RG, data obtained in Russia can be compared to the data available for other European states. So, the highest incidence levels (per 100,000) were registered in 2012 in Lithuania and Latvia (127.1 and 140.7); similar levels of incidence in 2012 were registered in Estonia (66.6), Poland (61.8); and lower levels of incidence at the same time were registered in England and Wales (26.3), Ukraine (20.04), Spain (5.3 in 2011) and Finland (3.87) [15] [16]. The direct comparison of incidences is inconvenient because of differences in reporting criteria of rotavirus gastroenteritis functioning in different countries.
Indicators of the age and RG cases distribution around Russia, characterizes it as an area with moderate activity of RVgrA circulation. However, there is an unusually high incidence of rotavirus-related hospitalizations (age group 0 -12 months) in such regions as the Republic of Tuva, the Novosibirsk region, Zabaykalsky Krai, the Republic of Sakha and the Republic of Buryatia. These areas should be considered with highest priority for
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Moscow region (n) 5 the implementation of rotavirus vaccines in the regional immunization schedule. The registration of outbreaks is an informative addition to the registration of sporadic cases to estimate the burden of RG. In many countries, this information has limited access, but some of the data is available through open sources. For instance, going to a total of only 1 to 12 outbreaks of RG affected people from a total of 6 to 97, had be reported in Ireland (total population 4. Unfortunately, lethal outcomes accompanied by diarrhea symptoms are registered in all countries. The etiology of these diseases is diverse, because of the re-evaluation of the significance of the diarrhea syndromes under various infectious diseases. Identifying RVgrA in autopsy material is not always a strong indicator of the role of RG in the development of a fatal outcome and should be interpreted cautiously enough [19] . The spectrum of laboratory tests to determine the etiology, atypically severe and prolonged diarrheal illness should be as broad as possible. Identifying RVgrA should not be considered a reason for limiting or terminating the etiologic diagnosis search process.
The prevalence of different genotypes of RVgrA in Russia is highly heterogeneous, which is quite natural in view of the extensive area of the country. In general, genotype 4 
